With this award, the ESC Council for Basic Cardiovascular Science (CBCS) honours two basic researchers with outstanding accomplishments in the early stage of their career.
Cardiovascular Research Onlife: Dr Sacconi, congratulations for your latest achievement, and welcome to the community of CVR Onlife. What does the ESC Council for Basic Cardiovascular Science (CBCS) 'Outstanding achievement award' mean for you and your career?
Leonardo Sacconi: First, I'd like to take this opportunity to say thanks to my coworkers Claudia Crocini, Cecilia Ferrantini, Marina Scardigli, Raffaele Coppini, Francesco Pavone, Corrado Poggesi, Elisabetta Cerbai, and Leslie Loew for the great job that we did together. I am immensely honoured and grateful to be selected for this prestigious award. It is especially significant for me because I have been working hard to apply my 'unconventional' background in optics to cardiovascular biology and this award supports and reassures me that I am working in the right direction. I am confident that this award can improve the visibility of my research group, of the people who are collaborating with me and, more importantly, I really hope that it can help in spreading our research and our findings.
Cardiovascular Research Onlife: You come from the world of physics. What made you choose and focus on Medical Physics and Cardiovascular Research in particular?
Leonardo Sacconi: Everything started after my PhD in physics, when I spent 1 year as a visiting scientist in the Watt Webb Laboratory at Cornell University. There, together with Daniel Dombeck, I developed an imaging method to optically record neuronal action potentials using non-linear microscopy. This changed my perspective. When I returned to Italy, to the Laboratory of Professor Francesco Pavone at European Laboratory for Non-linear Spectroscopy, I started new research projects focused on the in vivo functional imaging of brain by nonlinear microscopy. In this period, I developed a system called Random Access Multi-Photon (RAMP) microscope that was capable to record action potentials from multiple neurons simultaneously. During that time, I met Professor Corrado Poggesi and Cecilia Ferrantini from the Department of Experimental and Clinical Medicine at the University of Florence. Together we decided to exploit the RAMP microscope to investigate the action potential propagation in a cardiac cell where there is a complex branching of the cell membrane in the tubular system. The result was really impressive. We were able to obtain an optical recording of an action potential propagation across the tubular system with a very high signal-tonoise ratio. This represents the beginning of my experience in cardiovascular research.
Cardiovascular Research Onlife: Which findings have been key milestones in your career so far?
Leonardo Sacconi: The capability of probing the electrical activity in multiple membrane sites was such a milestone. It opened the possibility to perform a completely new class of experiments on action potential propagation across the t-tubular system. We found that action potential propagation in the t-tubular system is impaired in heart failure. This is an important finding. In fact, we also found that failing tubules show altered local calcium release and eventually can induce contractile dysfunction. Recently, we found that action potential failure is probably caused by a drop in conductivity in the tubular system of the failing heart. Taking this work to another order of magnitude, our lab is also investigates action potential propagation at the whole heart level. In this respect, we developed on optical system capable of mapping and controlling the action potential propagation in Langendorff perfused hearts. In this system, control of the electrical activity was achieved by optogenetics employing transgenic mouse hearts expressing Channel Rhodopsin-2. In this way, a simple optical solution, based on a digital micromirror device, was used to manipulate light positioning in a simultaneous manner. Together with Claudia Crocini, I recently used this optical system in ventricular tachycardia to optimise the mechanistic based cardioversion/defibrillator pattern. For example, we demonstrated that the multiple region of conduction block can efficiently interrupt a ventricular tachycardia but with lower energy requirements when compared to the whole ventricular intervention. Cardiovascular Research Onlife: What are the major challenges in your field, for the next decade?
Leonardo Sacconi: Very hard to answer: the development of a new groundbreaking technology can completely revolutionize the current state of the art. In general, the major challenge is to translate rationales designed for ex vivo applications in living animals. For instance, the manipulation of the action potential propagation of the whole heart can be translated in vivo using a 3D conformable fully integrated array of blue oLED, co-localized with microelectrodes. This device can wrap the heart pericardium allowing for multi-point detection and control of electrical activity in vivo. I believe that the development of this kind of technology can provide fundamental insight in cardiovascular disease, boosting new therapeutic strategies and, in general, can represent an entirely new approach to the investigation of the physiology of the heart. Also opening up amazing possibilities for minimally invasive optimal pacemakers and defibrillators.
Cardiovascular Research Onlife: What advice would you give to young researchers who are about to start a DPhil?
Leonardo Sacconi: I strongly encourage their choice. I love my job and it is hard to think of anything more exciting. The major advice that I can give to a young researcher is to NOT focus their research activity on a single methodology. The future is multi-disciplinary. The medicine of the future will take advantage of molecular biology, genetics etc., but also from nanotechnology, advanced materials, photonics, high-performance computing, and so on. Based on my personal experience my advice is to be open to fields even quite far from your original background.
Cardiovascular Research Onlife: How do you manage to keep up-todate with new developments in the different fields that you work?
Leonardo Sacconi: My main field of activity is focused on developing optical methods in cardiovascular biology. Generally, to keep-up-to-date I follow several optics meetings where new advances in imaging are presented from different fields, so that I can consider if the ideas can be translated to cardiovascular disease. I also follow the neuroscience field, as in general this field is very active in developing new optical approaches to study the brain, which can often be easily translated to cardiovascular biology. For instance, we recentlly developed an ultrafast random access multiphoton (RAMP) microscope that is used to simultaneously measure action potentials and intracellular calcium transients at multiple sites within the sarcolemma of cardiac cells. An ultrafast wide-field mesoscope was also developed to optically map and manipulate action potential propagation in whole mouse hearts. The mesoscope was implemented with digital micromirror device capable of drawing arbitrarily-chosen stimulation patterns allowing precise epicardial optogenetic stimulation in a closed loop fashion. Recently, a real-time manipulation of the propagating electrical wave-front has been demonstrated, opening the prospect for real-time resynchronization therapy and cardiac defibrillation.
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